Objective: To collate information available in the literature regarding perioperative outcomes following elective laparoscopic abdominal aortic aneurysm repair. Materials and methods: Electronic databases were searched and a systematic review was performed. In total, 1256 abstracts were screened, from which 10 studies were included for analysis. Perioperative and technical outcomes were analysed. Results: In the totally laparoscopic repair of infra-renal aneurysms (n ¼ 302), 30-day mortality ranged between 0% and 6% and in the laparoscopic-assisted cases (n ¼ 547) ranged between 0% and 7%. Of the former group, 5-30% of cases were converted to open repair, with 6% reintervention rate, whereas there was a 5-10% conversion and 3% reintervention rate in the latter group. Conclusions: The outcomes from selected patients in selected centres demonstrate that elective laparoscopic repair of aortic aneurysms is feasible and comparable in safety to open repair; it remains unclear, however, whether there are substantial advantages of this method compared with open and endovascular repair.
Introduction
Abdominal aortic aneurysm (AAA) has an incidence of 4.9-9.9% per year 1 and rupture is fatal in 75-90% of cases. The management of AAA has been explored extensively in randomised controlled trials. There are currently three interventional options: open repair, endovascular repair (EVAR) and laparoscopic repair. United Kingdom (UK) National Vascular Database (NVD) 2 figures from 2008 to 2010 indicate that the UK perioperative mortality for elective surgical repair is 4 .3% for open repair, whilst it is 0.9% for EVAR.
The principle drawbacks of open repair compared with minimally invasive techniques are the higher perioperative mortality, the morbidity associated with laparotomy (pain, bowel injury, hernia, adhesions) and the long recovery time, usually involving intensive care. Despite its less invasive nature, the problems of EVAR stem from a less durable repair and include a high reintervention rate, the problem of endoleaks and delayed aortic rupture, the logistics of treating a rupture and -as mentioned in the European Society for Vascular Surgery 2011 guideline -the need for life-long imaging surveillance. 3 On the basis of this, and considering European trial data, 4 although EVAR has not proven to be cost-effective, it is widely practised in the UK. 5 Three large randomised trials have enabled a comparison to be made between open repair and EVAR: EVAR1, 6 DREAM 7 and OVER. 8 Long-term results from both the EVAR1 and DREAM trials showed that long-term mortality was similar in the EVAR and open repair groups. Additionally, they found that there was a prominent reintervention rate after EVAR.
There is, therefore, a need to consider other strategies such as laparoscopic aortic aneurysm repair, which has potentially lower short-term morbidity than open repair but more durability than EVAR. In general surgery, laparoscopic surgery is associated with reduced post-operative pain, 9 shortened hospital stays 10 and improved patient acceptability. 11 This systematic review collates the perioperative outcomes of elective laparoscopic AAA repair.
Materials and methods

Search strategy
A systematic review was performed, in compliance with the preferred reporting items for systematic reviews and meta-analyses 2009 guidelines. 12 The databases searched were the Cochrane Register of Controlled Trials, MEDLINE and Embase using the Ovid portal. The databases were searched on 13 January 2013 for articles published between 1946 and 2013. The search string used was: (aortic OR aorta) AND aneurysm AND (laparoscopic OR 'minimally invasive' OR keyhole).
Eligibility criteria
Case series describing laparoscopic or laparoscopicassisted AAA repair, in any language, were included. Exclusion criteria included lack of 30-day follow-up, case reports, results of low volume centres ( 10 laparoscopic cases) and ruptured aneurysms.
Technical and perioperative outcomes
Technical outcomes included operating time, aortic cross-clamp time and conversion to open repair. Perioperative outcomes included overall mortality at 30 days, inpatient stay, intensive therapy unit (ITU) stay, reinterventions within 30 days of repair and complications within 30 days of repair.
Two authors (MR and MM) independently reviewed the articles and independently extracted the appropriate data, according to the outlined outcomes.
Results
Excluded studies
Results of the search strategy are shown in Figure 1 . After duplicates were removed, 1256 articles were independently screened by two authors (MR and MM). Two additional records were found through other sources. 13, 14 Ten studies concerning infra-renal and juxta-renal AAAs were included in the final analysis (Tables 1 and 2) . [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Disagreements were settled by a third, experienced author (AT). Of the articles excluded at full-text stage: 10 articles contained duplicate data, 23, 24 one article detailed extended follow-up for patients from another article and so data were combined, 25 one study gave no outcomes 26 and two studies reported 10 patients. 27, 28 
Study characteristics
Characteristics of the studies meeting the inclusion criteria are shown in Tables 1 and 2. There were seven case series, one cohort study and one casecontrol study looking at laparoscopic repair of infrarenal AAAs. One also included data for juxta-renal AAAs and one other case series examined juxtarenal AAAs exclusively. Infra-renal and juxta-renal AAAs are discussed independently, with a further distinction made between totally laparoscopic and laparoscopic-assisted or hand-assisted laparoscopic surgery (HALS).
The publication dates of the included studies ranged from 1998 to 2013. Of the nine studies describing laparoscopic infra-renal AAA repair, six were prospective, two were multi-centred and one stated that consecutive patients were treated. None were blinded and there was limited detail regarding inclusion criteria. The most common exclusion criteria were suprarenal or iliac involvement, or ASA category V patients. Laparoscopic repair represented between 9% and 71% of the total number of aneurysms treated during the same period at the same institutions.
Sample size ranged from 14 to 215 patients, average age ranged between 61 years and 73 years and average aneurysm diameter between 51 mm and 59 mm on computed tomography (CT) imaging.
The two studies containing juxta-renal AAA repair were both prospective. The laparoscopic study detailed 32 patients and the HALS study detailed 83 patients. In the laparoscopic group, the median patient age was 70 years (range 50-84) and median aneurysm diameter on CT was 55 mm (range 40-95 mm). In the HALS group, the mean patient age was 71 years (SD 7 years) and mean aneurysm diameter on CT was 57 mm (SD not stated).
Methodological quality
Study methodological quality is summarised in Table 3 . A detailed technical description was given in all but three papers. 14, 17, 20 None of the studies discussed potential biases.
Perioperative outcomes
In the totally laparoscopic cases (n ¼ 302), the average operative time ranged between 3.5 h and 5 h and the average cross-clamp time was approximately 1.5 h; 5-30% of cases were converted to open repair, the average hospital stay ranged between 5 days and 10 days with an average ITU stay of 1 to 2 days. Thirty-day mortality ranged between 0% and 6%. There were 18 reinterventions in total (6% across all cases): three for colonic ischaemia, two for post-operative bleeding, two for splenic rupture, two for compartment syndrome, two for haematoma and one each for port site hernia, iliac dissection, limb ischaemia, limb thrombosis, bowel perforation, bowel obstruction and peripheral ischaemia.
In the laparoscopic-assisted cases (n ¼ 547), the average operative time ranged between 3 h and 8 h and the average cross-clamp time ranged from 0.5 h to 2 h; 5-10% of cases were converted to open repair, the average hospital stay ranged from 4 to 7 days and the average ITU stay ranged between 1 day and 14 days. Thirty-day mortality ranged between 0% and 7%. There were 19 reinterventions in total (3% across all cases): six for post-operative bleeding, four for limb ischaemia, three for colonic ischaemia, two for graft thrombosis and one each for ureteric injury, bowel obstruction, wound revision and laparocele repair.
There was one study detailing totally laparoscopic repair of juxta-renal aneurysms 22 (n ¼ 32). Median operative time was 4.5 h and the median aortic crossclamp time was 83 min (range of 36-147 min); 6% of cases were converted to open repair and 30-day mortality was 3%. There was one reintervention in total (3% across all cases) for intestinal obstruction due to bowel incarceration in the port-site. Regarding renal outcomes in this study, 12 patients (37.5%) experienced a worsening of their pre-operative renal status, resolving without the requirement for haemodialysis. Postoperative creatinine levels in this series were reported to have returned to baseline prior to discharge in all but two of the patients.
In the HALS study for juxta-renal aneurysm repair 20 (n ¼ 83), the mean operative time was 3.6 h and mean aortic cross-clamp time was 28 min. None of the cases were converted to open repair; 30-day mortality was 0% and there were no reinterventions.
Long-term follow-up
There was limited long-term follow-up data. Of the totally laparoscopic cases for infra-renal aneurysms, Cau et al., 15 Coggia et al. 16 and Javerliat et al. 14 followed up patients for 14, 60 and 42 months, respectively. The first two studies reported no aneurysmrelated mortality or reinterventions; however, Javerliat et al. 14 reported two patients (2%) requiring late surgery, for limb and iliac thrombosis, with subsequent duplex and CT angiography imaging showing there to be no defects at the level of the aortic prosthesis.
Of the laparoscopic-assisted infra-renal aneurysms, Veroux et al., 13 Alimi et al. 18 and Ferrari et al. 20 followed up patients for 12, 17 and 38 months, respectively. None of the groups reported aneurysm-related mortality or reinterventions. However, Alimi et al. 18 described two patients (14%) with an incisional hernia, whilst Ferrari et al. 20 described an 11.1% incidence of incisional hernia. Di Centa et al. 22 and Ferrari et al. 20 followed up patients with juxta-renal aneurysms for 27 and 38 months, respectively. Again, both groups reported no aneurysm-related mortality. The totally laparoscopic group also reported no reinterventions or complications, but the laparoscopic-assisted juxta-renal study described one patient (1%) needing reintervention for iliac pseudo-aneurysm, as well as a 16% incidence of incisional hernia.
Discussion
The main findings of this study were that elective laparoscopic repair of aortic aneurysms is feasible with a similar mortality to open repair in the UK. 2 The mortality appears greater than for EVAR in the UK; however, most patients in the studies included were stated to not be suitable for EVAR at that time in those institutions. Interestingly, hospital stay and intensive care stay 8 were similar to those seen in open repair and wound-related complications such as early and late incisional herniae were still present for laparoscopic repair. There are clear drawbacks of the laparoscopic approach such as the learning curve (as manifested by the conversion rate of up to 30% in some studies) and increased operative time of around 4 h. This means patients selected for this technique should be able to withstand an extra 2 h of general anaesthesia.
Comparing the two groups, the reintervention rate was slightly higher for the totally laparoscopic group, with a rate of 6% of cases as opposed to 3%. The most common reason for reintervention, in both groups, was post-operative bleeding. There are no details as to whether a subsequent laparotomy was required to treat this.
There was a similar 30-day mortality rate, with a range of 0-6% for the totally laparoscopic group and 0 to 7% for the HALS group. Considering the results from the EVAR1 trial, 6 where 30-day mortality was found to be 1.8% in the EVAR group and 4.3% in the open repair group, these figures appear broadly comparable to open repair but worse than EVAR.
Additionally, the outcomes for repair of juxta-renal aneurysms were similar to that of infra-renal aneurysms, including operative time. The totally laparoscopic repair group also reported similar rates of conversion to open repair and complications when compared with infra-renal aneurysm repair. In the HALS group, however, the results were more impressive, perhaps suggesting a benefit for the open surgery component, especially the hand-sewn anastomosis.
As previously mentioned, an important aspect of laparoscopic surgery is the associated learning curve. Alimi et al., 18 for instance, took this into consideration when designing the study; perioperative data from the first 25 months of the study were compared with that obtained from the last 13 months. Consequently, we analysed the latter dataset in this present review to enable a fairer comparison with the other included studies. Kolvenbach et al. 17 did not divide their data in such a way, but did suggest that the most significant complications arose at the beginning of the learning curve. Such a learning curve is inherent to a laparoscopic approach and is perhaps the reason why it is practised at so few centres internationally. The strengths of this review are that it utilises relevant published international data and as such is one of the first comprehensive reviews of the available evidence. However, the following limitations must be acknowledged: the case series available were prone to bias (e.g. non-consecutive patients, little information on eligibility criteria, no independent assessment of outcome), secondly, only studies presenting favourable results were likely to have been submitted for publication and thirdly, the patients receiving the new treatment were likely to be highly selected, as evidenced by the number of laparoscopic cases divided by the number of total aneurysms treated in the same time at each institution. Additionally, it is difficult to compare outcomes between the centres reported given the range of sample sizes. Finally, little long-term data is available regarding the durability of the repair, which is a key outcome for future research.
The implications of this study for vascular specialists and patients are that laparoscopic repair of AAAs is a feasible option in selected patients in selected centres and comparable in safety to open repair, but not EVAR where this is possible. However, it should be noted that operative time is longer than open repair and the advantages seen in laparoscopic general surgery (shorter hospital stay and reduced incision morbidity) are not evident. One must ask, is the only advantage of laparoscopic AAA repair smaller scars? In today's world, where custom-made endografts now allow treatment of more complex aneurysms, the role for laparoscopic repair is perhaps limited.
Examination of long-term outcomes from established centres that have passed their learning curve for these procedures, as well as a well-designed randomised trial comparing different techniques of AAA repair, will enable firmer conclusions to be drawn in favour of, or indeed against, the use of laparoscopy in aneurysm repair. Additionally, robotic-assisted techniques (both endovascular and non-endovascular) may in the future add another dimension to aortic aneurysm repair. [29] [30] [31] [32] [33] [34] [35] [36] [37] 
Conclusion
Laparoscopic repair is feasible in specialist centres for the management of selected patients with AAA, with similar 30-day outcomes to open repair. There are drawbacks in terms of a learning curve, the risk of post-operative haemorrhage and increased operative time. Patients still require intensive care and a prolonged hospital stay and incisional herniae still occur. Therefore, there are no substantial benefits over open repair. The technique, additionally, does not yet approach the safety of EVAR in situations where the latter is a possible option. Provision of the laparoscopic technique needs to be undertaken with proctoring in advanced laparoscopic surgery, undertaken in a major vascular centre with data submission to a national database.
